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® Integrated circuit chip assembly. 



@ Integrated circuit ctvps (11) are attached, and 
electrically connected across a desired distance, to a 
substrate (31) in a fadng relationship; electrical inter- 
connection typically involves solder connections (52) 
between fadng contact pads. Positive control of tfie 
desired distance is achieved by chip and/or sub- 
strate surface spacer features such as. e.g., innin* 
iature pyramids (33) - optionally in combination with 
matching opposite features. Convenientiy, in the 
^case of silicon chips on a silicon substrate, as well 
^ as in the case of analogous Group Ill-V compound 
-^semiconductor structures, surface spacer features 
^are produced by orientation dependent chemical 
CMetching. ^jq j 
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im^^lATED CIRCUIT CHIP ASSEMBLY 



Technical Held 

The invention is concerned with compact as- 
semblies of Integrated circuit chips on a substrate. 



Background of the Invention 

In the interest of processing speed as well as 
of storage capacity, physical compactness is a key 
aspect In the design of advanced computing data 
processing, and telecommunications switching sys- 
tems. Compactness in turn depends on a variety of 
designs features such as, e.g., miniaturization of 
drcultry and integrated components on integrated 
circuit chips, as well as how chips are intercon- 
nected and combined into sub3ssemt>lles and as- 
semblies. 

While initially it was general practice to mount 
clups in frames which then were combined into 
larger assemblies, alternate designs have been 
considered as cSsclosed, e.g, In 
P. Kraynak et al., "Wafer-Chip Assembly for 
Large-scale Integration". EEE Transactions on 
Electron Devices, Vol. ED-15 (1968). pp. 660-663 
where siGcon chips are shown as connected to a 
silicone substrate; 

L F. Miller, "Controlled Collapse Reflow Chip 
Joining". IBM Journal of Research and Develop- 
ment Vol. 13 (1969). pp. 239-250 where silicon 
chips are shown as attached to a ceramic substrate 
or "nuxftite"; 

R. R Bonner et al., "Advanced Printed-circurt 
Board Design for High-performance Computer Ap- 
plications", IBh4 Journal of Research and Deveh 
opment. Vol. 26 (1982), pp. 297-305 where circuit 
boards are disclosed as suitable for insertion of a 
number of substrate modules; 

C. W, Ho et al.. "The Thin-film Module as a 
High-perfbnnance Semiconductor Package", IBM 
Journal of Research and Development Vol. 26 
(1982). pp. 286-296, disclosing power supply sta- 
bilization on a ceramic substrate by means of an 
integrated decoupling capacitor; ^d 

U. S. patent 4,670.770, "Integrated Circuit 
Chip-and-Substrate Assembly", issued June 2, 
1987 to K, L Tal, disclosing the assembly of 
single-crystal chips on a single-crystal substrate 
Including a particularly advantageous integrated de- 
coupling capacitor anrangenDent as well as align- 
ment of chips cm a substrate as fadlHated by 
anisotropically etched surface features. 

Attention in the following will be directed pri- 
marily to chip assemblies on substrates such as. 



e.g.. assemblies of silicon chips on a sIHcon wafer, 
and attention wilt be directed to particularly ad- 
vantageous alignment structures. 

5 

Sumntary of the Invention 

Integrated circuit chips are placed on a sut>- 
strate, with a chip surface spaced by a desired 

10 distance from a surface of the substrate. Positive 
distance control results upon bringing a chip- or 
substrate-surface feature in physical contact with 
the facing substrate or chip surface. Amor)g suit- 
able surface features are miniature pyramids on the 

75 substrate or on the chips, and such features may 
be combined, in the interest of lateral chip align- 
ment, with conresponding surface features on the 
facing chip or substrate sulace, respectively. 
On account of distarice control in accordance 

20 with }he invention, solder interconnection of cir- 
cuitry on chips and on the substrate by soiled 
reflow soldering is facilitated in that upon heating, 
"solder bumps" are merged Into solder bridges 
having optimized cross section. Contemplated also 

26 are chips Including optically sensitive or active 
features such as, e.g.. radiation detectors, lasers, 
and modulators, as well as passive microoptic 
components. 

The invention is applicable to sillcon-on-siiicon 

30 technology as well as. e.g.. to Group lll-V material 
systems wttere, convenientiy, preferred surface 
features can be made by orientation-dependent 
chemical etching. Ottier fabrication mettiods. ap- 
plicable whether or not sut>strate and chip materi- 

35 ais are in single-crystal torn, may Involve the use 
of selective ablation, e.g.. by reactive ion etching, 
ion milling, or photochemical etching. 



40 Brief Description of the Drawing 

FIQ. 1 is a schematic face-on view of an 
integrated circuit chip having etched alignment fea- 
tures in accordance with a preferred embodiment 
45 of tt)e invention; 

FIG. 2 is a schematic cross-sectional view of 
the chip of FIG. 1; 

FIG. 3 is a schematic face-on view of a 
carrier substrate having atignnient features in ac- 
50 cordance with a preferred embodiment of the in- 
vention; 

FIQ. 4 is a schematic cross-sectional view of 
tiie carrier substrate of RG. 3; and 
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RQ. 5 is a schematic cross-sectional view of 
a substrate-chip assembiy obtained upon nnatching 
chips in accordance with RG. 1 and 2 to a sub- 
strate In accordance wrth with RQ. 3 and 4. 

W 

' Oetailed Description 

i Terms defined as follows are used prominently 

In the description of the invention; 
A substrate Is a material body which has a surface 
which can serve as a support for material objects 
wtiich may be insuffia*ently rigid in the absence of 
support or wfK>se spatial arrangemerrt depends on 
the presence of a support. A substrate may consist 
of a single material such as, e.g., sINcon, or eise of 
several nftaterials as. e.g.. in tiie case of silicon-on- 
Ihsulator technology. Sut>strate materials may have 
a single-crystal, polycrystalline. glassy, or amor- 
phous structure. 

A carrfer substrate and a chip are mutually 
defined as suttsti^tes of relatively larger and small- 
er size, respectively, so that a plurality of cNps can 
be attached to a carrier substrate. For ttie sake of 
convenience of expression (e.g.. where used in 
combination witii a chip), a canier substrate may 
simply be refenred to as a substa^te. 

An integrated circuit Is a mlr^aturized elec- 
trical circuit which is supported by a substrate. 

In tt)e Rgures. for tiie sake of darity. chips aid 
substrate are shown enlarged as compared with 
typical embodiments; also, proportions in tfie Rg- 
ures may not be as typically used in practice. To 
the extent not furttier specified bek)w. choice of 
actual dimensions and proportions will be a n>atter 
of course in actual practice. 

RG. 1 and 2 show integrated circuit chip 11, 
solder pads 12 on tiie active skte of chip 11, and 
depressions 13 etched into the surface of chip 11 
in ttie fonn of inverted pyramids. 

RG, 3 and 4 show carier substrate 31, sol- 
der pads 32 on carrier substrate 31 , and pyramkis 
33 as obtained by surface etching of carrier sub- 
strate 31 In the presence of a suitable mask. 

FIG. 5 shows substrate 31 and integrated 
drcurt chips 1 1 as described above In further detail 
in connection witii RG. 1-4, solder pads 12 and 32 
having coalesced into sokJer connections 52 as 
' effected by heating. 

Surface features such as. e.g., pyramids 33 
and matching Inverted pyramids 13 may be pro- 
duced by orientation-dependent (anisotropic) 
chemrcal etching; e.g., a (100)-silicon surface may 
be etched in this fashion by means of a solution of 
20 percent potassium hydroxide in water and In the 
presence of selectively applied oxide, nitride, or 
metal material serving as a surface mask. (This 



example is of considerable importance as silkxxi 
Integrated drcurt devices, bipolar as well as metal 
oxide-semiconductor, are customanly manufactured 
on (100}-oriented silicon.) In this case, the potas- 

5 sium hydroxide etching solution attacks silicon the 
slowest ak)ng the (111)-axls. tiiereby pemnitting, 
e.g., the formation of pyramids having (111)-sw- 
faces aligned along <110> directions of oxide 
mask edges on the (100)-wafer. The dimensions c 

10 and d (see RG. 1 and 2), and the location of the 
pyramids are defined witii lithograpNc precision. 
As illustrated by intersecting (111)-pianes in RQ. 2, 
etching of surface depresstons is self-terminating 
as a function of ttie mask dimensions and the 

75 54.74* angle ttetween tiie (111) and (100) silicon 
planes. 

FIG. 3 shows a mating counterpart on a silicon 
(100)-¥«rfer. Again, matching pyramids may be ob- 
tained by orientation-depending etching in tiie 

20 presence of masks whk:h cover the (flat) tops of 
tfie pyramids. Depending on ttie details of etching, 
the stoping edges of the pyramids will be rounded 
- without Impairment of match-up with etched de- 
presskxis 13. The dimensksns of the pyramids are 

25 defined by those of the mask which preferat^y is 
chosen such ttiat c is less than c, and d less than 
d (see RG. 3 and 4). And again, tiie location and 
dimensions of the pyramids are defined wHh Irtfiog- 
raphic precision, and their height h (see RG. 4) Is 

30 determined by ttie rate and duration of etching. For 
example, an aqueous. 2D-percent potassium hy- 
droxide solution at a temperature of 90*0 etches 
(100)-siHcon at a rate of approximately 2 
micrometers/min. Control of ttie height h is readily 

36 to within ±1 micrometer - a small tolerance as 
compared with typical total solder stand-off of ap- 
proximately 20 micrometers or more. With similar 
predslon ttie devk^e chips can be matched to ttie 
silkx)n substrate (see RG. 5, where the gap h' is 

40 less than ttw height /) of the pyramids), resulting in 
dose control of sotier collapse as Is desirable in 
ttie interest of preventing solder run-off and atten- 
dant device impairment 

Power dissipated in tfie integrated-circutt chips 

45 can be removed either from tiie back side of Ifie 
chips or else from tfieir active side through tfie 
sokler connections into a cooled^ substrate. In ttie 
latter case, ttie tight control of h' provkied by ttie 
alignment pyramids assures well-controlled, reliable 

50 heat patiis. 

It is observed ttiat etdiing inverted pyramids 
into chips in tfie presence of a mask leaves tfie 
chip surface used for devk:e fabrication untouched. 
While the conesponding surface of the substrate is 

55 etched, such surface was found to be smooth and 
free of defects, with a roughness of less tfian 
approximately 200 nanometers. 

While orientation-dependent chemical etching 
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is considered as particularly suitable as appjted to 
single-crystal silicon or Group lli-V compound 
semiconductors, other talMication techniques may 
be used as applied to these or aKemate substrate 
and chip materials. Included among such tech- 
niques are not only ablation methods such as. e.g.. 
milling and etching* but also pressing, stamping 
coining and other forms of surface defomiing 
where applicable. Furthermore, the shape of align- 
ment features is not limited to that of pyramids but 
includes, e^., prismatic (straight-^walled) and round- 
ed features. Prismatic features can be produced 
e.g., by ion milling, and convex and concave fwni- 
spherical features by photochemical etching. 

While, in the example as described above ar>d 
is depicted in the Rgures. corresponding surface 
features having essentially confonning or mating 
(pyramid) shape, such conformance is not essen- 
tial. For example, in this respect, prismatic features 
on one surface may readily match up with 
pyramid-shaped features on the other. arKl the 
same applied to other comtrinations of shapes. 

The foilowtng are considered as particulariy 
significant advantages of chip alignment on a sub- 
strate in accordance with the invention: 

(i) positive chip-to-wafer spacing is reaTized 
independent of the size and consistency of solder 
connections; 

(if) for electrical contacting via solder pads, 
direct access is possible to any desired interior 
point on a chip surface, making it unnecessary for 
conductors to terminate in solder pads placed 
along the perimeter of a chip; 

Oil) metallizations on chips and substrate can 
remain fimtted to level surfaces, and no steps, 
gaps, or slopes need be traversed; and 

(iv) where matching chip- aid substrate-sur- 
face features are used, positive aftgnment can t>e 
achieved wttii respect to the other coordinates - 
linear as well as angular - t)etween chip and sub- 
strate, in addition to chip-to-wafer spacing. 



tures (13. 33) in physical contact with tiie ^ng 
surface, whereby said desired distar)ce is essen- 
tially reaTized. 

2. The assembly of claim 1, wherein said 
6 meaos for electrical interconnection comprising sol- 
der. 

3. The assembly of claim 1. wherein said sur- 
face features are in contact witti corresponding 
surface features on said facing surface. 

10 4, The assembly of claim 3, wherein said sur- 
face features are essentially mating surface fea- 
tures. 

5. The assembly of claim 1, wherein said sub- 
strate aiK} said chip substantially consist of single- 
ts crystal siKcon. 

6. The assembly of daim 5. wherein said first 
surface ^d said silicon surface are substantially 
{1(X))-surfaces. 

7. The assembly of claim 6. wherein said sur- 
20 face features sut)stantially have the shape of pyr- 
amids. 
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Claims 45 

1. An assembly comprising a substrate (31) 
and an integrated-drcwt chip (11). a surface of said 
chip, here designated as first surface, facing a 
corresponding portion of a surface of said sub- so 
strate, here designated as second surface, said first 
surface comprising first contacts (12) and said sec- 
ond surface compMising second contacts (32), said 
assembly comprising means (52) for electrical in- 
terconnection across a desired distance between S5 
said first contacts and said second contacts, 
CHARACTERIZED IN THAT at least said first or 
said second surface furtiier comprises surface fea- 
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